Adverse drug reactions (ADRs) represent a major health problem worldwide and constitute a big challenge to drug therapy and the drug development process. ADRs are responsible for 3% of total hospital admissions and occur in 10 to 20% of hospitalized patients. It has been estimated that ADRs account for at least 100,000 deaths annually in the United States alone ranking them as the fifth leading cause of death. According to the World Health Organization definition an ADR is a noxious and unintended response to a drug that occurs at a dose normally used in man for prophylaxis, diagnosis or therapy. This commonly used definition, however, excludes other drug therapy consequences such as drug abuse, accidental and inadvertent drug overdose and therapeutic failure. ADRs are classified into two main groups: Type A, which are predictable from the drugs' normal pharmacological actions and are dose dependent and Type B, which are unpredictable, unrelated to the drugs' pharmacology and do not have clear dose dependency. This is an overview of the currently used definitions and classifications of ADRs in clinical pharmacology and toxicology. Specific relevant examples are cited and some important points are discussed in the light of current knowledge. A special emphasis is made on the importance of ADRs in clinical drug therapy and drug development, which are the areas where ADRs play the most significant role. Key words: Adverse drug reactions, side effects, adverse drug events, idiosyncratic reactions, drug hypersensitivity. 
‫اﻟﻌﺮﺑﻲ‬ ‫اﻟﻤﻠﺨﺺ‬ :

‫اﻟﺿﺎرة‬ ‫اﻟدواﺋﯾﺔ‬ ‫اﻟﺗﻔﺎﻋﻼت‬
INTRODUCTION:
atrogenic diseases (diseases caused by Physician intervention and self medication) have always been a concern to medical practitioners. It was documented in the Code of Hammurabi, 2200 BC, that 'a physician who causes a patient's death should lose his hands'. Also, one of the most recognized principles of medicine is 'Primum non nocere' (first, do not harm) that was pleaded by Hippocrates (460-370 BC) to emphasize the ethical issue of harming the patient during a medical procedure or therapy [1] . Highlighting this issue, Abubaker Al-Rhazes (860-932 AD), the great Islamic physician and scientist, advised that ' if simple remedies are effective, do not prescribe compound remedies', in reference to the increased possibility to develop adverse events when multiple remedies are used [2] . Nevertheless, the history of medicine and drug therapy is full of disasters of adverse drug events in addition to the everyday patient suffering and extra healthcare costs caused by these events. The death of more than 100 patients as a result of consumption of diethylene glycol used to prepare sulfonamide elixirs in 1937 led to the declaration of a Federal Act in the United States that prohibits marketing new drugs without demonstrating their safety [3] . The 'Thalidomide disaster' is one of the most famous drug-induced catastrophes in the history of medicine; hundreds of babies were born with severe anomalies due to in utero exposure to the drug [4] . Thalidomide was introduced as a safe and well-tolerated analgesic and was used by pregnant women to ameliorate morning sickness. The teratogenic effects of thalidomide were discovered after a sudden upsurge in the incidence of a rare congenital abnormality called Emelia (no limbs) and phocomelia (short deformed limbs) was recorded in the countries where thalidomide was marketed. In the aftermath of this disaster, many countries established agencies including The World Health Organization (WHO) to serve as a watchdog for drug safety. One of the first recorded establishments of a regulatory authority to enforce a standard code on medical products and to protect the public against fraud, trickery and charlatanry was the founding of the office of the hisba (hisba in Arabic means 'to compute' or 'to measure'; the officer was called muhtasib) by the Abbasid Caliph Abu Ja`far al-Mansur during the early ninth century in the Islamic empire [5] . The Office was equivalent to the current US Food and Drug Administration (FDA) and was in charge of ensuring both the correct use of weight and measures and the safety of food products and medicinal preparations [6] . 'It is a duty of the muhtasib that he exact from practitioners of medicine the oath of Hippocrates, that they will not administer a harmful drug, that they will not prescribe a poison for a patient, that they will not describe poisons to the people, that they will not inform a woman of a drug which abort the embryo nor a man to avoid conception, that they will turn their eyes from the women's quarters when they enter them to visit a patient, that they will not reveal secrets and not tear away the veil, and that they will not be inquisitive in what should remain unknown' [7] . These are very impressive details on how health care providers should conduct their service, as they have long continued to deserve Voltaire's stricture that they 'poured drugs of which they know little into bodies of which they know less [8] . In modern days, adverse drug reactions (ADRs) are a welldefined type of iatrogenic disease. According to the WHO definition, which has been in use for more than forty years, an ADR is a noxious and unintended response to a drug that occurs at a dose normally used in man for prophylaxis, diagnosis or therapy [9] . However, this definition is too strict and does not include all adverse drug effects [10] . The word 'noxious' used in this definition, which means harmful or hurtful, may cause minor ADRs to be overlooked during ADR monitoring. The WHO definition also excludes events such as medication errors, drug abuse, accidental and intentional overdose and therapeutic failure. Therefore, another term, adverse drug events (ADE), was introduced to cover all these effects. The term 'ADE' is broader and is defined as any undesirable effect associated with drug use. It does not limit the definition to unintended and undesirable responses to the drug at normal doses but also includes all of the aforementioned effects that are not included by the WHO definition of ADRs. Furthermore, the definition of ADEs implies some ambiguity about the attribution of the event in terms of the drug being the cause, which might be clinically more relevant since it is not always possible to establish causality. Other authors have also suggested a more comprehensive definition of an ADR such as 'an appreciably harmful or unpleasant reaction, resulting from an intervention related to the use of a medicinal product, which predicts hazard from future I (Page number not for citation purpose). administration and warrants prevention or specific treatment, or alteration of the dosage regimen, or withdrawal of the product' [11] . Other terms that are used to refer to adverse effects of drugs are side effects, toxic effects and undesirable effects and these terms have different definitions from ADRs. Side effects, for instance, include all drug effects other than the ones that are intended for its use, although they are not always undesirable. For instance, sedation caused by antihistamines to treat the common cold is a side effect but it may promote needed bed rest for the patient. Toxic effects are reserved for adverse effects at supra-therapeutic doses of drugs (toxic doses); however, technically there is no difference between pharmacological and toxicological effects as both may have the same underlying mechanism. Adverse drug reactions are a major health problem and cause high rates of morbidity and mortality. It has been estimated that ADRs are responsible for more than 100,000 deaths annually in the United States, ranking them between the fourth and sixth leading causes of death, after heart disease, cancer, stroke, pulmonary disease and accident [12] . ADRs are responsible for at least 3% of hospital admissions, complicate 5% of therapeutic courses and occur in 10 to 20% of hospitalized patients, although accurate estimation of such cases is difficult due to lack of reporting [13] . ADRs also represent a heavy economic burden on the health care system manifested in extra admissions and extended hospitalization [14] .One of the most commonly used classifications of ADRs is the one suggested by Rawlins and Thompson nearly 4 decades ago [15] . According to this classification, ADRs are divided into two main groups. Type A reactions, which are usually predictable, dose-dependent and related to the pharmacological action of the drug, and type-B reactions, which are unpredictable, have delayed onset, are typically unrelated to the drug pharmacology and do not have clear dose-dependency, Response to dose reduction Generally respond Generally occur at all doses. However, desensitization using gradually increasing dosage has been used.
(Page number not for citation purpose).
Figure1. Classification of ADRs (see text for details).
TYPE A ADVERSE DRUG REACTIONS:
Although exaggerated and can be harmful, these reactions are typically expected from the normal drug pharmacology. Bradycardia due to antihypertensive therapy with the β1 receptor antagonist atenolol and warfarin-induced hemorrhage are examples of this type of ADR. These types of reactions are more common than type B reactions. They represent around 75% of the total incidence of ADRs; however, they tend to be milder and respond to dose reduction. They can manifest as excessive therapeutic effects such as in the aforementioned examples or as side effects that may or may not be mediated by the same mechanism of action. In general, excessive therapeutic effects can be produced as a result of drug overdose. The WHO definition of ADRs does not include effects due to drug overdose, which is considered a medication error; however, drug overdose can also occur at normal therapeutic doses as a result of increased patient susceptibility. Strictly speaking, this is what is meant 'linguistically' by the term 'drug hypersensitivity' although this term has been strongly linked to immune-mediated reactions. These effects will be discussed in greater detail in a later section in this review. Drug-drug and sometimes drug-food interactions can cause ADRs to occur as a result of modulation of the drug pharmacokinetics and/or pharmacodynamics. Absorption, distribution, metabolism and excretion (ADME) of a drug can be affected by the concurrent administration of another drug or food. Many effects can be exerted by drugs that alter gastric and intestinal absorption of another drug. These effects include, but are not limited to, chemical chelation, changes in gastric pH or motility and interference or enhancement of the function of Transport proteins. These factors can Affect both the rate and extent of the absorption of these drugs. Co-administration of drugs can also alter drug distribution by competing for plasma or tissue binding sites. Also, induction or inhibition of phase I and II metabolizing enzymes can largely modulate drug metabolism and, hence, its pharmacology. The most common example is the stimulation or inhibition of the liver microsomal phase I cytochrome P450 isozymes. 3) The female gender is a risk factor for ADRs, which may be due to the difference in hormonal milieu. 4) Extremes of age (i.e., very young and very old) are risk factors for ADRs, which is probably due to change in drug metabolism. [24] . The molecular mechanism(s) underlying hypersensitivity reactions is not fully understood although thought to be immune-mediated [21, 25] . Generation of reactive nucleophiles that are able to covalently modify endogenous macromolecules (proteins and DNA) through metabolism is the first step in the cascade of events leading to activation of the immune system and eliciting a hypersensitivity reaction (HSR) [15, [26] [27] [28] . This is called the 'reactive metabolite hypothesis' and was introduced by Stephen Spielberg and Neil Shear during the early 1980s (Figure 2 ) [29] [30] [31] . Reactive metabolites serve in two ways in the suggested pathophysiological pathway of HSRs. First, they can haptenate endogenous macromolecules, providing an antigen that is recognized by the immune system as a non-self (the hapten hypothesis) [32, 33] metabolites and parent drugs can also interact directly and non-covalently with T-lymphocytes leading to their activation according to the 'p-i hypothesis' (pharmacological interaction of drugs with the immune cells) [35] . Other ADRs that are classified as Type B ADRs and are considered non-immunological include those that are caused by genetic deficiency in specific enzymes. An example of this occurs in individuals whose erythrocytes are deficient in glucose-6-phosphate dehydrogenase (G6PD). Haemolysis may occur in those individuals if they are exposed to drugs such as aspirin, sulfonamides, some antimalarials and antileprotics [36] . Also, people with hepatic porphyria have abnormal heme biosynthesis and drugs such as oral contraceptives, barbiturates and sulfonamides can precipitate the symptoms. Another example is malignant hyperthermia that occurs in 1 in 20,000 patients exposed to Inherited in an autosomal dominant fashion. Also, ototoxicity due to aminoglycoside antibiotics, Halothane and methoxyflurane in combination with succinylcholine during anesthesia and is such as gentamicin, occurs in 1 in 10,000 patients exposed to the drug and is thought to be genetically determined. One unpredictable ADR In particular, that is notable for being a major cause of drug withdrawal from the market is the long QT syndrome. This condition develops as a delay between the QRS complex and T wave in the electrocardiogram (ECG) and can progress to the life-threatening ventricular arrhythmias torsades de pointes and ventricular fibrillation [37] . Other classes of ADRs have been suggested including Type C (chronic), Type D (delayed), Type E (withdrawal, end of use) and Type F (therapeutic failure). 
TYPE B ADVERSE DRUG REACTIONS:
ADVERSE DRUG REACTIONS AS A CLINICAL PROBLEM:
The Scottish philosopher David Hume (1711-1776) has said that 'it is impossible to separate the chance of good from the risk of ill', a statement that is still applicable to modern drug therapy. Adverse drug reactions are an inseparable part of the medical practice and to enjoy the benefits of drug therapy, one should accept the risk of ADRs. It is the delicate balance between risk and benefits that gives the ethical cover to prescribe and dispense drugs to patients, which may severely harm or even kill them. Lazarou and colleagues (1998) estimated through meta-analysis that ADRs kill around 100,000 patients in North America every year. Similar international data is not available; however, one may extrapolate staggering numbers from the North American study. Furthermore, these numbers represent only serious ADRs that lead to death, and do not take into account 'less serious' ADRs that can cause severe and disabling injuries. In addition, it has been estimated that only 5% of ADRs are reported [14] . Adverse drug reactions, especially those of idiosyncratic nature, are very difficult to diagnose and the causality relationship between drug administration and the ADR is not always Possible to establish [22, 38] . Underreporting of ADRs is a major problem since lack of data limits our understanding of the real size of the Problem. Type B ADRs are more problematic for clinical practice because of their unpredictability (Page number not for citation purpose).
and undefined clinical picture. These types of reactions are often confused with other conditions such as bacterial and viral infections. Ironically, drugs that are mostly associated with HSRs are those that are used to fight infections (antibacterial and antivirals). This places the treating physician in a great dilemma as to whether to stop or continue the drug. Clinical experience and diagnostic aids (in vivo and in vitro test) are of great value in helping the doctor to make the correct decision; however, those are not always available except in advance wellequipped centers in developed countries. This leaves patients in remote areas in less developed societies very vulnerable to severe and sometimes life-threatening ADRs.Because of the rare nature of these reactions, many doctors and nurses are not exposed to them during training in medical and nursing Schools and thus lack any experience in dealing with such cases Therefore Much effort should be made to train health care providers in these areas to recognize and treat rare and dangerous ADRs. Over 50% of ADRs are possibly or definitely preventable [39] and a large part of these ADRs are caused by medication errors (MEs) that can be prevented by following a better medical practice. Fortunately, many MEs do not result in any ADEs or go unnoticed by both the patient and the doctor , Figure 3 . However, MEs that result in detected ADEs or ADRs can be very embarrassing for the health care system and especially for the prescribing doctor and pharmacist. It has been estimated that 98,000 fatalities result from MEs annually in the US and that approximately 26% of preventable ADEs caused by MEs cost around $3.5 billion annually [40, 41] . 
ADVERSE DRUG REACTIONS AND DRUG DEVELOPMENT:
Drug development is a complex, high risk and costly process. Before drugs are approved for use in humans, compounds and elements with potential therapeutic application undergo a series of stages starting with in vitro testing that includes identifying the leading compound and biological target. Preclinical testing in rodents and non-rodent laboratory animals as well as basic genotoxicity and pharmacokinetics determinations are important to demonstrate safety of the drug. Preclinical testing is also a legal and ethical prerequisite before starting clinical trials of the drug. Clinical trials take place in 4 stages: Stage I, using 30-50 mainly Young healthy male volunteers to determine tolerance, safe dosage range and basic kinetics and metabolism; stage II, on limited number of patients (250-300) under close monitoring to determine preliminary efficacy and short term safety. Stage III, using extended number of patients (300-3000) to obtain definitive evidence of efficacy and safety and identify adverse events. At this point the drug developer can apply for the authority approval for marketing. Stage IV is the postmarketing surveillance for less common adverse events and drug interactions. The total time required to complete the entire process is 12 to 20 years including the post-marketing surveillance. Emergence of serious ADRs during drug development process can lead to either aborting the development process in early stages or withdrawal of the drug from markets at late stages [42] . Some rare ADRs can only be detected after the post-marketing stage when the drug is used in large number of patients. This accounts for the largest economic loss for drug companies due to the high cost of development and litigation [43] . For comprehensive review of safety withdrawal of drugs from international markets please refer to the review by Fung et al., (2001) [44] . Common and predictable ADRs (i.e., Type A) are usually detected during premarketing testing and dealt with by reducing the dose or avoiding usage in certain conditions of drug combinations. Rare reactions (mostly type B), however, require the exposure of larger populations before they can be recognized and these constitute a great challenge to the drug development process. In 1999, the cyclooxygenase selective inhibitor rofecoxib (Vioxx®) was developed by Merck & Co., Inc. and approved by the FDA for osteoarthritis and other conditions as an anti-inflammatory with no GIT side effects. However, in 2004, a post-marketing clinical trial connected the use of Vioxx to a
